The textile manufacturing industry consists of a wide range of occupations including spinning, weaving, knitting, dyeing and finishing of natural and synthetic fibres to produce fabrics, yarns and carpets. The range of exposures in the industry includes textile related dusts, chemicals used in making synthetic textiles, sizing agents, oil mist, dyes, solvents, crease-resistance agents, flame retardants, and mothproofing agents. The International Agency for Research in Cancer has reported that working in this industry entails exposures that are possibly carcinogenic to humans 1) . But many studies examining the cancer risks in this industry used mortality rather than incidence data and had poor exposure data.
This study aimed to investigate the risk of incident cancer in textile manufacturing workers using improved exposure assessment methods. An earlier analysis of the mortality data from this cohort showed that male textile workers had an increased risk of death from injury, but no increase in risk of death from cancer 2) .
Methods
The following information was extracted from membership records of textile workers in the Victorian Branch of the Australian Textile, Clothing and Footwear Union: name, sex, postcode, country of origin, date of birth, factory, job title, date joined union, and approximate year left union. Of 24,793 members, we included 8,852 subjects with a known date of birth who joined the union before 1996. We excluded subjects who were missing information on sex (n=1,158), had illogical dates (n=10), or had cancer before joining the union (n=15).
Experts assessed exposure using job title and information on the company (types of textile produced, whether dyeing of fabrics occurred, and other products produced e.g. yarns, nylon stockings, etc). The experts developed 11 job profiles consisting of a list of individual chemicals to which someone in that job description would be likely to be exposed 3) . These profiles were: dyehouse workers and laboratory assistants; hosiery plant; weavers and knitters-dry process; carders; sewing machine operators; woollen carpet mill A; woollen and synthetic carpet mills B; other carpet manufacturing; woollen mill C; other woollen mills; and unspecified textile workers. Exposures were assigned individually for jobs that did not correspond to any of the 11 profiles. The list of subjects was matched with the National Cancer Statistics Clearing House (NCSCH) which contains records of all cancers registered in all states except South Australia since 1982. Pathology laboratories in all states of Australia are required by law to report all diagnoses of cancer and the data are considered to be virtually complete. Data were available until 1997 except for New South Wales, which was complete until 1996.
Data matching was undertaken with a probabilistic record linkage package called Automatch which relies on name (or phonetic versions of the name), date of birth and sex. Because of privacy concerns, NCSCH staff decided which of the possible matches were likely to be correct and forwarded the deidentified file to the authors.
Standardized incidence ratios (SIRs) were calculated for each sex based on Australian population rates specific for the 5-year age group and calendar year. SIRs were calculated for total cancer, lung cancer (ICD9=162), breast cancer (ICD9=174-175), lymphohaematopoeitic (LH) cancer (ICD9=200-208), and melanoma (ICD9=172).
Mantel-Haenzel estimates of the rate ratios for each of the exposures in Table 2 were calculated for all cancers combined adjusting for age and sex. The reference group for each analysis was those workers not exposed to that substance. We repeated the analyses for breast cancer, LH cancer and melanoma where there were 5 or more exposed cases.
This study was approved by the ethics committees at Monash University and the NCSCH.
Results
After exclusions, there were 7,679 subjects in the cohort. There were slightly more females (52.6%) than males (47.4%) and the cohort were relatively young with most person-years occurring at less than 40 yr old. The mean duration of work in the industry was 3.1 yr, with a range of 0 to 41 yr. Of a total of 67 cancers, there were 15 breast cancers, 11 melanomas, 7 cervical cancers, 6 leukaemia/lymphomas, 5 thyroid cancers, 1 bladder cancer, and 2 lung cancers.
Both males and females had significantly decreased risk of incident cancer compared to the general Australian population ( Table 1 ). The risk of any cancer in males was almost halved (SIR 55 95% CI 35-82).
There were no statistically significant increases in relative risk of all cancers combined for any of the 32 substances in Table 2 . Subjects exposed to Table 3 shows those with a relative risk of 1.5 or more and more than 5 exposed cases. Rates could not be calculated for the following combinations because all cases were exposed: melanoma and EMR and pulsed EMR; breast and fabric dust; LH cancers and synthetic fibres, rayon fibres, acrylic fibres, polyester fibres, nylon fibres and fabric dust.
Discussion
This study suggests that, compared to the general population, textile workers are at decreased risk of cancer, but this result should be viewed with caution because of the limitations of this study. We may have missed cases of cancer such as in people who moved overseas and misspellings or Anglicization of names. Another limitation is that we did not have information on smoking or other potential confounding variables.
Of more serious concern is the fact that only 30% of the entire cohort could be included. We do not know how much selection bias has occurred as we only know names and place of work of those excluded. The missing subjects are likely to be older, if they joined the union before good records were being kept. They may therefore have had higher exposures and more cancers.
On the other hand, the assessment of actual chemical exposures within the textile industry is a strength of this study. Previous studies have used job titles or exposure matrices whereas we were able to differentiate between people doing the same job in different factories. Nevertheless, the exposure assessment was based on jobs as recorded by the Union and this information may not have been very accurate.
Within our cohort it appeared that workers exposed to some chemicals (dyes, alkalis, mild acids and EMR) may be at slightly increased risk of all cancers combined. Small numbers of cases prevent us from being too definite about this conclusion, but it is notable that of the 32 substances, RRs for all cancers were above 1.0 for 20 and below 1.0 for only 12. Previous studies have found no increased risks of all cancers combined in bleachers and dyers 10) or workers in preparation, yarn processing and slashing/weaving 8) . But workers in "other" jobs were at increased risk of all cancers after 20 yr 8) . Because the aetiology of cancers at different sites often is different, we tried to examine site-specific cancers but the small numbers of cases meant we could only examine melanoma and lung, LH and breast cancers, none of which showed increased SIRs. Previous cohorts of textile workers have shown isolated increases in lymphocytic leukaemia 4) , laryngeal cancer 5, 9) , unknown primary site 5, 9) , gastrointestinal cancers 6, [10] [11] [12] , urinary cancers 12) , and connective tissue, cervix, other genital, thyroid and NHL 9) . A recent meta-analysis found increased risks for nasal cavity tumours in cotton workers and digestive system cancers in silk and synthetic fibre workers and decreased risk of lung cancer 13) . We found only 2 cases of lung cancer in our cohort which may be consistent with the meta-analysis 13) . Few studies have been able to examine individual chemical exposures. Similar to our findings, a study found non-statistically significant increased risks of death from melanoma with exposure to formaldehyde (RR=1.4 95%CI0.7-2.9) 14) . Dye-related exposures tended to increase the risk of breast cancer but not significantly. Phenol red is a commonly used textile dye, which has estrogenic effects in estrogen-receptor positive cells in culture 20) but no studies on humans have examined this dye. A large case-control study found formaldehyde to be associated with death from breast cancer (OR=1.06 95% CI 1.0-1.1) 15) . But several cohort studies have found no association between formaldehyde and breast cancer [16] [17] [18] [19] . In conclusion we did not find increased risk of cancer in employees within the textile industry although our findings should be regarded with caution because of a probable selection bias and the small numbers of cases.
